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°~ To provide freedom of choice in microcomputer componentsthroughout a system life cycle , a programmable microbus interfac
module (HIM) using common programmable control elements (PCEs),
such as that described in this report , absorbs the interface
irregularities of commercial microprocessor s , memory and input-
output (I/O) modules , thereby allowing the selection of componen s
based on performance , support software , cost and other driving
factors.~~ Purther , having made the choice of microprocessor(UP) for a given application , the user need not feel committed
for all time should , for example , the requirements grow to
exceed the capabilities of the processor or a more desirable
~iP appear on the market at a later date. The same rationale
applies to I/O devices such as A-D and D-A convertors , MIL-STD-
1553A/B serial interface units and others which are continually
undergo ing competitive improvement .

To validate the concept , a breadboard model of the MIM
was designed , fabricated and tested , using high-speed field
programmable logic arrays and read only memories. The results
show that the HIM provides a very effective means of interfac-
ing standard industry pc components with a simple , memory-
oriented , microbus , of the form identified in earlier study
phases and presented at the Annual IEEE Microcomputer Workshop
in June 1976.
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PREFACE

I This technical report  covers the wor k performed under Con-
tract No. N 0 0 014—75—C --0549 f r o m  1 January  1978 through 31 Octobe r
1978. The f i r s t  dr a f t  was submitted by the authors in the form of

I a pa per for  the IEEE Computer Society “Computer ” magazine on 6
December , 1978.

The purpose of this  contract together w i t h  the wor k per-

I formed in the previous phases, was to provide the means of
achieving improved performance , modularity and flexibility in the

I 
design of next generation microcomputer—based missile guidance and
control systems.

I Cdr . L. E. “Mac” McC ullough and L/Cdr. W. Savage , O f f i c e
of Naval Research Arlington , VA, were the Navy Scientific Officers.

Mr. F. J. Langley was the Principal Investigator for
Raytheon and Mr. J. Demetrick was the Senior Design Engineer .

I Publication of this report does not constitute Navy ap-
proval of the report’s findings or conclusions. It is published
only for the exchange and stimulation of ideas.
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1. INTRODUCTION

I Once a microprocessor  is chosen for  a g iven  app l i c a t i o n ,
the memory and input—output inter face mod ules/boards mus t conf orm

I to the interface standar ds associated with that processor , e.g.
Intel  Mul t ibu s , S—l00  Bus , Nat i onal Micr obus; Motor ol a Microbus ,
etc. Should the system require updating at sane future date the

I r epl acem ent of the micr oprocessor and associ ated support
mod ules/ boar ds w i t h  improved versions f r o m  other  sources res u l t s  in
a complete redesign of the interface circuits .

One solution to the above , however , is a high—speed pro-
gr ammabl e inter f ace capa bl e of i n t e r f a c i n g  v i rt u a l l y  any s t a n d a r d —
product mi croprocessor , memor y and I/O modul e to a simpl e memor y—
or i ented microbus .

This report describes a programmable microbus  i n t e r f a c e
modul e (MI M) , which isol ates the per tur bations of d i f f e r ent
microprocessor i n t e r f ace s  f ran  the  memor y and I/O c i r c u i ts , s u ch
that  d i f f e r en t micr oprocessors can be in te r change d w i t h o u t  upset to
the computer des ign .  The wor k , which  us es high—speed progr ammabl e
logic a r r a y  ( PLA ) techniques , is an ou tgrowth  of the s t anda rd
microbus descr ibed  at the  i n a u g u r a l  Navy/ IEEE Microcomputer
Standardization Wor kshop held at NADC , Warm inster , in June 1976
(Ref. 4)

I
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1.1 Background

Fi ve years  ago the  O f f i c e  of Na va l  Research be cam e
concerned w i t h  the inhe r ent dr awbacks of analog missile guidance
and control (G &C ) system s, namely ;  r i g i d/ i n f l e x i b l e  d e s i g n s , u r n —
i ted p er f o r m a n ce and poor component commonal i ty .  To t ake  advan tage
of the  new t rends  in d i g i t a l  technology e .g.  microprocessors  and
d i g i t a l  sign al pr ocessing, a s t u d y  progr am was i n i t i a t e d  to  an a-
lyze  the  f u n c t i o n al c h a r a c t e r i s t i c s  of the  e n t i r e  r ange  of a i r — t o —
a i r  miss i le  G&C systems and de te rmine  the compu t er des ign  r e q u i r e —
ment s .~~~5 Throughout  the  stud y s t rong emphasis was place d on
modul a r i t y ,  in hardwar e and sof twar e, to enabl e system s to be
read i ly  updated to meet changing  t h r e a t  s i tua t ions  and to take  ad-
vantage of device technology improvements w i t h o u t  the need for
maj or redes ign.

At  the system leve l , d i s t r i b u t e d  processing was f ound to
support the design go al and to enf orce i t , i n t he case of sof twa r e,
placing h a r d w a r e in te r f aces between major  system f u n c t i o n s . Com-
pute r  t h r o u g h p u t  r e q u i re m e n t s, on a maj or f u n c t i o n  basis , ranged
f ran approximatel y 1 m i l l i o n  opera t ions  per second (1 Mops ) for
guidance  command genera t ion  to a f ew  thousand operat ions  per second
fo r  war head f u z i n g  and t e l emet ry .  F i g u r e  1 shows a d i s t r i b u t e d
microcomputer  gu idance  and control system using f o u r  mic rocomputer s
interconnected via  a MIL— STD— l553A/B—com p atib l e ser i al d i g i t a l
i n t e r f a c e .  Target  seeker  sign al processing is performed by a 16—
bit processor , and separa te  8—bi t processor s a re  used t o r
g imba l led— p l a t f o r m  control , war head f u z i n g  and the  a u t o p i l o t .  To
sa t i s f y the ran ge of th rough puts and system i npu t—outpu t  (I/ O ) in-
terfaces, while maintaining a high degr ee of component modularity

and commonality, a family of fourteen micr ocomputer modules was
del ined  ( F i g .  2) u s ing  s tandar d — i n d u s t r y  mi crocomputer  c i r c u i t s

5
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in tegr ated by a s t a n d a r d  pa r allel mi crobus , (~ Bus ) as a means of
a c h i e v i n g  c o n f i g u r a t i o n  f l e x i b i l i t y  and m u l t i — s o u r ce proc ur ement of
each module. The bus i tsel f was t a i lored  to s t a n d a r d — i n d u s t r y ,  LSI

semiconductor random—access and read—onl y memor y (RAM ) and ROM) in-
ter faces, since , like Rome, all paths wi thin a micr ocomputer lead
to mem ory, and, being a simpl e i n t e r f a c e, (dat a , address/ chip—
select , r e a d/ w r i t e ) ,  it had the additional mer i ts of simplicity and

r e l i a b i l i t y .  Memor y s y n c h r o n i z a t i o n, i .e. the genera t ion  of data
avai labl e s tat us , not provide d by memor y chips , was assi gned to
each memor y user mod ul e, in  t h a t , g iven  the access and cycle t ime
of the RAM or ROM , it could be t rea ted  as a conventional log i cal el-
ement w i t h  a known propagation delay.

The wor k p e r f o r m e d  d u r i n g  t h i s  phase of the contract  was
pr esented at the  IEEE Computer  Soci et y Microprocessor Wor kshop at
Johns Hopkins Uni v e r s i t y ,  Laur el , Mar yl and , 27—28 Jun e 1978 , and
wil l  shor t ly  be published as a f e a t ure a r t i cle in  the  Societ y ’ s
“Compute r ” magaz ine .

1.2 Obj ecti ves and Scope

The obj ectives and scope ~ f the Phase V stud y under the
ex tens ion  of C o n t r a c t  N 0 0 0 l 4 — 7 5 — C — 0 5 4 9 , as de f ined  in  the  Sta tement
of Wor k , are as follows :

1. Based upon t h e  macr c*nod ule d e f i n i tions and s pec i f i c a -
tions de veloped in  Phases I I I  and IV , de te rmine  the
f u n c t i o n a l  conf i g u r a t i o n , pe r fo rman ce and i n t e r f a c e s
of a mic r obu s int e r f ace  modul e (MIM) , for use as a
common el ement in all mi crobus mod ules. Document and
des ign  r equi rem ents in  the f o r m  of a separa te  pr oduc t
f u n c t i o n  s p e c i f i c a t i o n .

7
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2. In accor dance w i t h  the MIM design r e q u i r e m e n t s ,
design r equ i r emen t s , design a breadboard mod ul e
to interface a standard—industry, 8—bi t micr oprocessor
to the micro bus and compati ble semi conductor mem or y
modul es . Gen er at e logic and associ ate t imi ng
and wiring diagrams for implementation with standar d—

industry SSI/LSI circuits .

I
3. Fabricate and test a breadboard assembly of the MIM

design us i ng a s t a n d a r d — i n d u s t r y  w i r ewrap  c i r c u i t
boar d and canmerical dual- i n—l ine— pac kage (DIP)
i n t eg ra t ed  c i rcui ts .

4. Design end code a tes t progr am to run  on the
micr opr ocessor when inte r f a ced wi th the MIM and com-
pati ble read—write memory modules. The progr am shall

be designed to verif y the integr i ty of the
mi croprocessor/MIM/RAM combinat ion .

5. Using the tes t progr am v e r i f y  the pr oper t r a n s f e r  of
data/ i ns t ruct ions  across the MIM. Tes ts shall be
conducted under m a x i m u m  microbu s length  and loading
condi tions as specified in the MIM design specifica-

t ion.  MIM and microbus pr opagation delay t imes shall
be measured together with mi crobus signal waveform
rise and fall times at the inputs and outputs  to the
bus. These test results, together with the £4IM logic
design and t i m i n g  da ta , shall be i ncl uded in the
final report.

The in t en t ion  be ing  to va l ida te  the MIM concept in  terms of a
w o r k i n g  model us ing standar d — i n d u s t r y  semi conductor c i r cu i t s .

8
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2. SUMMARY & CONCLUSION S

T he rapi dly developing microprocessor technology pos es se-
ri ous standar diza ti on pro blems for the user , particularly the mili-
tary,  wher e logistics support Costs are significant over the life
cycle of tactical systems. Whereas standard interface buses are

now in existence e.g. (S—lOO, Intel Multi bus, Na tional Micro bus ,
Motor 01 a Micr obus , Eur opean “ MUB U S ” ) ,  no two buses ar e the same.

To provide  f r eedom of choice in mi crocomputer components
throughout  a system li fe cycle, a progr amm able micr obus in ter face
mod ule (MIM) us ing common progr amm a ble control elements ( PCEs) ,  such
as that descr i be d in t h i s  report , absor bs the inter f ace
i r r e g u l a r i t ies of commercial mi croprocessors memor y and I/O
modul es , thereby a l lowing  the sel ection of components based on pe r-
f ormance , support softwar e, cost and other dr iv ing fac tors .  Fur-
ther , having made the choice of microprocessor for a given applica-
tion , the us er need not feel  committed for all time shoul d , for ex—
ampl e , the r equirements grow to exceed the capa bi l i t ies  of the pr o-
cessor or a more desirable j i P  appear on the marke t  at a later date .
The same ra t iona l e appl ies to I/O de vi ces such as A—D and D—A
convertors , MIL—STD— 1553A/B serial i n t e r f ace  uni ts and others w h i c h
are  con t inua l ly  undergo ing  competi t i tve improvement .

I
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3. MICROBUS INTERFAC E MODULE (HIM)
I DESIGN & APPLICATION

I Since the d e f i n i t i o n  of the s t anda rd  1j Bus , (Fi g . 3 ) ,  some
three  years  ago , i nd iv idua l  microprocessor manufacturers have estab—

I l ished t h e i r  own un ique  bus s t r u c t u r e s  i n h i b i t i n g  the option of
swapping one microprocessor or I/O module for  a more des i rable  al-

i t e r n a t i v e  f rom a d i f f e r e n t  m a n u f a c t u r e r , at any time during the sys—
tern l i f e  cycle. Such a module swapping feature has particular sig-
n if icance in the mi dst of today ’s rapi d and ran dom evolu tion of
microprocessors and supporting interface devices. Further , wherea s
a cer ta in degree of mach ine in depen dence can be achieved in sof t-
ware  through the use of a sui table hi gh or der progr amming lan guage ,
no such “he dge” curren tly exists in the hardware world . Hence , in
or der to ach ieve in dependence in microcomputer produc t select ion ,
a programma ble microbus in ter face  module (MIM ) has been def ined an d
f a br ica ted , and is described in the following paragraphs. 6

I
R/W

A DDRESS DATA VA

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~3 ~ 
DATA (!6) STD 1j8US

_ _ _  _ _ _  
:::: 

~~~~~~~~~~~~~~ I ~:ADDRESS DATA R/~ F- MEM REQ ADDRESS DATA R/W
VA L MEM AC K VA

DMAIO r ~cPu
DATA CONTROL EOB INT

QJILI
ADAC/SDIO/DMAIO

F i g u r e  3 - Microbus  C o n f i g u r a t i o n
1
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3.1 System Design Requ i r emen t s

The MIM is basical ly requ i red  to provide  a pr ogrammable

I interface between standard—industry microprocessors , input—output

data conversion dev i ces , RAM s, (E/P) ROMs and a common ijBus , Figure
4. As such , the MIM , is in effect, a high—speed controller which

con t inuous ly  samples the s ta tus  of irregular/non—standard control
lines from a given device and translates these into a regular!

I standard form in synchron ism with data and memory address infor-
mation. In terms of speed and propagation delay the MIM must

1 maintain the normal instruction execut ion times of the micro-
processor .

RAM~/ROM

//~m~IM’c//’/j

STANDARD pBUS

0 
_ _  _ _

V//~ 1M ‘///J V//,~~MY//4 rZZZMIM/Z/4

~ 
CON~~~RTER J I I MIL-STD-j553~4/B

t.. . .. f ~~~~~~~~~~~~~
ANALOG SERIAL DIGITA L

CHANNELS

I Figure 4 — Multi—Source Microcomputer Product
Integration with Programmable MIM
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3.2 Common Programmable Control Element (PCE)

Since the MIM is requ i r e d to pe r fo rm a s imilar  f u n c t ion$ in each major microcomputer (NC) componen t a common prog r ammable
con trol elemen t, (PCE), was defined for very large scale integra—

I tion (VLSI). The basic functional relationship of this element to
the jiC component and microbus is shown in Figure 5. The control

I and status si gnals of any g iven ~C componen t are sampled
I synchronously wi th the system clock by the control elemen t, wh ich

translates these discrete information states into appropriate con—
I trol signals to the bus and microcomputer component.

STANDARD
pBUS

13
I BUS DRIVE RS & RECEIVERS

CONTROLS

I STATUS
PROGR AMMA B LE ‘,,

CONTROL 
~ C COMPONENT

ELEME NT RESPONSEI __________________ 

()JP, MEM,
ETC)

I
~1~SYST EM

I CLOCK

I
Fi gure 5 — Common Programm able Control Elemen t

I 
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A compa tib le struc ture  for such a control elemen t is of
the form shown in Figure 6, w h i c h  is fundamen ta l ly  a device capable
of per fo rmin g state tr ans it ions based upon the cur ren t state of the

I outputs and the logical status of one or more of the C component ’s

status lines. An input register is used to store the latter inputs

I between clock pulses , wi th the controller section containing the
necessary cond itional branchin g log ic to generate/access the nex t

I output state/microinstruction . In terms of interfacing with the

18080A , M6800 and various analog and digital I/O components,
discussed in subsequent paragraphs, up to 16 input and 20 outpu t

I lines were found adequate for each PCE. Additional I/O require-
ments could be met by distributing the control among several PCEs.

I
~ C COMPONENT

CURRENT STATUS
STATE

~~LSTER J,. SYSTEM

CONTROLLER

I 
__..1__i_ —

I CONTROL

I
Figure 6 — Basic PCE Structure
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3.3 Design Approaches

To achieve the design goals ou t l ined  above four  candidate

I methods of implementing the control ler  sect i on of the PCE wer e
revi ewed. For compl eteness, hardwired log ic is incl uded , al though

$ the lac k of f lexi bili ty in this appr oach was the primar y reas on for
exploring progr amma ble a l te rna t ives. The salient charac te r i s t i cs
of the four appr oaches can be summar i zed as follows:

I 
0 In f l ex ib le, har dwired standar d — i n d u s t r y  SSI/MSI

logic circui t in ter connections
o New logic design and wi r ing  per ~iC component

I
2. Standar d Cell LSI Arrays

o Mask/factory progr ammed cell/logic inter connects
o New logic design and mas ks per ~C component

3. Field Programmable Logic Arrays (FPLA)

o Electrically/field—programmed Boolean equations

I 0 New progr am per iiC components

4. Progr ammable Read—Only Memories (PROMs)

I o Electrically/field—progr ammed, microprogr am

o New progr am per ~tC component
o Speed inversely proportional to capacity

The two most attractive means of implementing the control—

ler section of the PCE lie in field progr ammable logic arrays

(FP LAs) 7, 8 and small progr ammable read—only memor ies (PROM8),

1 
14

I
I



I

I
I since both of these have speeds similar to hardwired logic circuits

and , in addi t ion , provide the f ie ld  programming f e a t ure .  Avai labl e

I FPIA s in l6x48x 8 c o n f i g u r a t i o n s  exhibi t typi cal pr opa gat ion delays
of 35 nsec and 32x8 PROM s, 25 nsecs. These delays are compar a bl e
to those of hardwired logic interface circui ts such as the Intel

1 8228. Further , the FPLA possesses a “ don ’t care” response featur e
w i t h o ut the speed p ena l ty  of a PROM wi th a lar ge addr ess decoded.

I
3.4 Selected Approach

In the l igh t  of the above p er fo rmance  r equirements and
available hardwar e al t ernat ives, a combinat ion of the FP L,A and PROM

I design approaches was used for the breadboard model of the PCE ,
(Figure  7 ) .  The FPLA and PROM sections can either be used

f i ndependently or l inke d together external ly  depending upon the ap-
plication.  As a whole uni t  the PCE funct ions  as follows:

I
I
I

I
I 
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g~C COMPONE~TCURRENT STATUSSTATE
r i6j 

__
I 

_______________________________________________________________________________

• I 10~
FL0
~~~STERl. SYSTEM

I - CLOCK
I 16

- I 
FPLA

L ( 16x 4 8 x 8 )

I 
“ ~° EXT

I 
____________________________________________________________!-,~ ~~~]UNK

I PR OM I
(32 x 40)

4O~

J•K REGISTER L ,-..._SVSTEM
I CLOCK

L~~~~~~~~~~~~~~~~~~~~~~~~~

4 

-

MC COMP0NENT4,BUS
CONTROL

I
I F i g u r e  7 — Breadboard PCE C o n fi g u r a t i o n
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A 16—bit high—speed D—flop register samples and stores the cur r ent
state and ~C component status line information synchronously with
the ).iC clock. One 16x48x8 FPLA performs both the conditional
branch ing  logic and PROM addr ess generation functions. Input  condi-
tions r e q u i r i n g  no change in outpu t control stat e are pr ogr ammed as
“d on ’t car e” conditions in the  FPLh , such that the f i r s t  location
in the P ROM is always addr essed. The lat ter  contains t h i r t y — two
40— bit microinstructions to provide both the true and complement

states of a 20—bi t wor d to the output  J—K f l i p — f l o p  regis te r . The
“ don ’t car e”/”do nothing” microinstruction, containin g all zeroes ,
is ignor ed by the J—K regis ter , thereby m a i n t a i n i n g  the previous
output  s ta te .  Using standar d—indus t ry  Schottky bipolar SSI/MSI/LS I
c i rcu i t s, the accumul at i ve pr opagation delays f r o m  input to output
total 71 nsec (typical), 106 nsec (maximum), allowing 8 MHz m i n i m u m
sam pling/clocking. The lat ter  r a t e  meets the requirements of cur-
r en t ly  available standard product ~iC components, wi th  the option of
using h igher  speed device technology, if required , for the VLSI ver-
sion of the PCE .

3.5 MIM Applications

Using the PCE as a basic building block for  the MIM , f o u r
micr ocomputer macromodule applications are described in the follow-
ing paragraphs .  One control element is requi red  for  memor y mapping
and inter f ace , two for micr opr ocessor in ter fac ing, and up to four
el ements are requi red  for cer ta in  I/O products.

3.5.1 Micr opr ocessor HIM

Of all the  indi vidual mi crocomputer component  i n t e r f ac e
requirem ents , mi cr opr ocessor s pr es ent the worst  case for speed and
cauplexi ty .  F igur e 8 shows an Intel 8080—based ~iCPU— l macr anod ule

17
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Fi gure  8 - Micr opr ocessor MIM
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us ing  two pr ogr ammabl e control elements ( PCEs) to absor b the

f i r r e g u l a r i t ies of the 8080 versus other a l te r n a t i v e  pP s .  PCE 1 is
termed the master PCE since it performs the mai n jiP/jiBus interface
f u n c t i o n .  PCE 2 is used to gener ate the 80 80—pecul iar  clock
waveforms , and to control ~iBus/memory access for  direct  memor y
access (DMA) I/O channels.

Master PCE ( PCE1) — Figure  9 shows the fun ctional conf igura ti on of
PCE1. An input mul tiplexer selects either one of two sets of 16
inputs f ran  the data or control lines of the 8080 together wi th the
cur ren t state inform ation containe d in the ou tput re gister. Figur e
10 shows the input/output word formats and individual bit assign-
men ts for PCE1 as they apply to the Intel 8080. The data output
l ines of the 8080 (D 0_7 ) toge t her w i t h  “SYNC” and “~~2 ” are normal ly
routed by the mul ti plexer to the FPL1~ inputs to respond to the ma-
chine status when “SYNC” and “42” are at logic ‘1’ . Conversely,
when the latter out pu ts are at logic ‘0’, the FPLA “MU X SEL” field

selects the miscellaneous control outputs of the 8080.

I
I
I
I
I
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Figure 9 — Master Control Element (PCE1)
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F i g u r e  10 - Master  PCE Inpu t/ Outpu t  Control Word Formats
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Clock_W a v e f o r m  Generator (PCE2/1) — To synchronize the operation of
the master PCE with the microprocessor and provide the flexibility

of generating various clock waveforms to suit any given micro-

processor , one—half , (the lower—half), of a second PCE is pro—

grammed as a clock waveform generator , (Figure 8). A 20 MHz crys-
tal oscillator is used to clock the output register , which in turn

furnishes the current address to the PROM .

_ _ _

4” i
rKE2/i

~~~~~~’
(32 X 8 )  t 25 ns

OU TPUT REG 20 MH~~
J 

XTAL JL J _ L 4 ~
J

~~~
- ‘pn

I T A~ ~~ [~~~~~ 8MH z } ~~~~~~~

F i g u r e  11 — Clock Waveform Genera to r  (PCE2/1)

The PROM is programmed to provide any desired sequence of

byte bit patterns such that , the individual binary bit sequences
from byte to byte form a specific clock waveform and phase relation-

shi p with the other bit trains . A delay line (~~t) adjusts the
phase of the 8 MHz clock outputs to PCE 1 in relation to the

m i c r o processor clock phases , to synchronize PCE 1 sampling with the

~iP output  waveforms .
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Swapping Micr opr ocessor Type s — To illustrate the adaptability of

the MIM Har dware to accommodate alternative mi croprocessor types,

the Intel  8080 was repl ace d by the Motorola 6800, (Figure 12).
PCE 1 and PCE2 r equ i r ed  the  reprogr amming of FPLAs/PROMs to inter-

pret the 6800 ’ s outputs  and genera te  the 6800—p ecul i ar cl ock
waveforms.

I
DATA ADOR R/’W V A  

I R/W VA I
PCE I ~~ [,‘R LATCHES

I 8 IDATA ~ AO DR

_ _ _  

II ~~~ 
RtW DBE MASK

(MA STER) 8 MHi VA 
(6~0O) ~~ 

PCE I 
•8 I

I I NMI

[JI7~ 
J DAV 

~~~~~~~~~~ 
-

Figure 12 — ji CP [J—l W i t h  M— 6 800 in  Place of Intel 8080

3.5.2 Memory MIM

At the present time LSI semiconductor RAMs and (P) ROMs
var y in the i r  electrical  i n t e r f a ce s  according to the  man u f a c t u r e r .
Id ea l ly ,  semiconductor ( S/C ) memor y chips sho ul d be wor d or byte
organi zed wi th b inar y— coded chip  select the  wor d select inpu t s  for
d i rec t  i n t e r f a c e  to the memor y addr ess l ines  of the ~ Bus ( i n  the
same way I/~ mod ul es are  i n t e r f a ce d ) .  Neve r the l e s s , since varia—

t ions i n  RAM and (P) ROM in ter f aces can be e xpected to c o n t i n u e  for
sever al years , the progr ammable PCE a pproach o f f e r s  two f e a t u r e s :

22
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1. Cho i ce of any man u f a c t u r er ’ s RAMs and (P) ROMs w i t h o u t
i n t e r f a c e  redes ign.

2. Mapping of data and pr ogr am memor y locations on a
mod ule basis to su i t  any given a ppl ica t ion.

F i g u r e  13 shows the use of a PCE to gener ate S/C memor y c h i p  select
sign al s fo r  the  main  memor y of the mi crocomputer . The jiBU S addr ess
l ines are  translated by the FPLA into PROM add resses ,
(s imul t an eously wi th  the MIM ope ra t i on ) ,  w h i c h , in tu r n , access
unar y— coded chip select wor ds , each cover ing  a range  of memor y loca-
tions and corres ponding RAM or ROM memor y chip. W h i l e  small
memor i es consis t ing of up to e ight  ch i ps coul d be accommodated by
th e FP LA alone, la rger  memories  r e q u i r e  the longer wor d length ,
(and num ber of bi ts/ chip select l i n e s ) ,  mor e eas i ly  obta inabl e f r o m

PROM s.

3 . 5 . 3  DMA Control (PEC2/2) — Externa l  requests for  access to the
pBus and memor y are handled by the upper half of PCE 2 (F igu r e 14).
Up to seven r equest l ines can be sensed and, given pBus availabil-

it y fr om the mi croprocessor , one of the seven r eques ts is honore d
according to the pr iori ty pr e—pr ogrammed in the FLPA.

I
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Figu re  14 - DMA Control ( PCE2/2 )

3 .5 .4  I/O Mod ule MIMs

Recent lar ge scale in t eg r a t ion  (LSI)  a c t i v i t y  in  da ta  ac-
q u i s i t i o n  and conversion pr oducts has made ava i l ab le  v i r t u a l l y
whole devices in  a s ingl e LSI package w i t h  s i m i l a r  i r r e g u l a r  in ter -
faces to mi croprocessors. Thr ee such standar d— product I/O mod ules

have been inter faced to the jiBus using the MIM approach . All

modul es contain small buffer memories, mapped as part of the main

memor y , such that data is loaded/accessed at these storage loca-

tions either by the mi croprocessor under program control or by the

data  acquis i t ion/ conversion device .

A—D and D—A Conver tor  MIM - The analog to d i g i t al , d ig i ta l  to art a—
log convertor (ADAC) macrc*nodule of F i g u r e  2 has been c o n f i g u r e d
using standard product LSI A— D and D—A convertor mod ul es and th ree
PCEs as integration element (Figure 15). Two separate PCEs, (PCE

1 and 2 ) ,  are assigned to each b u f f e r  memor y fo r  iiBus address
decoding and data transfer control . PCE1 cont rols access to the

A—D buffer memory, (an 8—word x 1 2 — b i t , 2 — p o r t  RAM),  and PCE 2 simi—

larly controls an 8—wor d x 8—bi t discr ete r eg i s t e r  f i l e  for  the D—
A convertors. PCE3 controls the selection , conversion an d tr ans f er
of quantized analog data into the 2— port RAM.
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Figu re  15 - ADAC Macr omodul e Using Standard Product
A—D and D-A Convertors and Three PCEs.

Ser i al Dig i t a l  I/O MIM — Since the federa ted  micr ocomputer sys tem
sh own in  F igure  1 in te r faces  wi th  the avionics weapon control sys-
tem (A~~ 5) v ia  an umbilical  connection befor e the missi l e  is
launche d , a MIL—STD—l SS3A/B— ccznpatible serial  d i g i t a l  I/O is used.
Several man uf actur ers supply the l553A/B inter face modules in
var ying degrees of completeness, but no standard par allel digital

i n t e r f ace exis ts . F igu re  16 shows a virtually complete 1553A/B—

compati ble, standar d— product (SCI—MT I 100) serial I/O mod ule

in te r f aced and controlled by four  PCEs. As in  the case of the ADAC
macr omod ule, separ ate PCEs (PCE1 and 2), are assi gned to the local
b u f f e r  memor i es for ~iBus access control , and two addi tional PCEs ,
(PCE 3 and 4), sample the transm it and receive status and control
l ines of the ser i al I/O modul e wi th an appropr i a te pro grammed re-
sponse to move the par allel message data word to/from the 2— port

RAMs.
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4. MIM TEST RESULTS

To validate the perform ance of the MIM, the response of

I each indivi dual PCE to its respective set of input status was

v e r i f i e d  and the propagation delay f rom input to output  meas ured.

I 
Signal waveforms wer e recor ded to ver i f y the quality of the pulse

trains.

I Following the checkout of each PCE the micr opr ocessor and
memory circui ts were integr ated as two separate macromodules,

I (j ~IC PU— l and RAM/PROM), via the standar d ~iBus.

I A test progr am was stored in the PROM and executed by the
I micr oprocessor . This program was written to exercise the load and

I stor e ins t ruct ions  of the ~iP reper to i re, in  order to move data to
I and from memor y acr oss the liBus and MIM inter f aces. I n s t r u c t i o n  ex-

ecution times wer e meas ured to v e r i f y  that the MIM had no e f f ec t  on

I the normal performan ce of the micr ocomputer .

I 4.1 PCE Performance

I The FPLA and PROM programs wer e verified for each set of
I input  condit ions, and the propagation delay meas ured through the

waveforms given in Figur es 17 through 19.

I
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1 29

I 
— . .. . - . . - . I___— --———- --- — —- — — -~~---—— — ~- . —



I
I
I ~~~ ‘Sy~.~c

’ 
________

~ PuT
*0 0 ~~ NC~ OUTPUT 

—1..
~ OUTPUT RE6’~~~~~
_ _ _ _ _  v1~~~~~~~~~~~~~Cv’rPVT RL&ICTL Ic C LOCK .~~~..~!iIic! !i~a A •.~I ~1~~o ~~~~ IN 

-. -

•sMTr ~c~n.’ FQo.A~~~iPur tt ç.u. k

I O C  2
S*ogo

~~~o C’ ~b, - 

lI~~~~~~~~~ ua

I
I

Ti wjg~ BASE 
~~~~~~~~~~ ~~*)

Figur e 18 — Master PCE (PCE1) Input/Outpu t Waveforms

2OMHt CLOCK UdM .’ 
~~~~

tJ’j
1j j ’

j
1j J ’

J~~~~~j
1j ’j’

g 5 i  C~bCK —
CLOCK ~________________________ 

/

±ci V~ ~
E(T. CL,C’~~~~~

fr~ o/ f~ frj~c~~~~~oC Ic~
s

I
f Figur e 19 — Clock Waveform Gener ator (PCE2/ 1)

Input/Outpu t Wavef orms

1 30

I



From the above waveforms it  can be seen tha t the Mas ter
PCE is capa ble of oper ating well w i t h i n  the 10 MHz sampling ra te .

4.2 Micr ocomputer Performance

To determine the effect of the MIM on the overall
performance of the micr ocomputer , the load and store instruction
execution times were measured from the waveforms shown in Figur es
20 and 21.

31

_ _ _ _ _ _ _  
-J



~ofo 1Sy~J~
’

8o2’o ‘RE.A ~~~‘ I 
- 

— — —~

~~Vc~— 

~i’~’o 
11~8I s 1

~ ‘E.’r ~~f (~~UM~~~~ CL

1L BAs~~; ~~~~~~~s/cr.~ (~ ‘~
)

LbA ~ X Ec u~rL TIP.~~.:

dL~ rIC C7f~.L~u 13
7.2~p~

~ oor~ / c~~oek r l ~e L i )

~4) M~ A~~.1f ~’ t

I IIIUFJC IOfl

~~~ —
~~~ ~~~~~ a...— Dii. ~S.6 • p-.—-— Dim R..d ~ I—Q.,. q~~~I *

MCI MC2 
—

TI 12 fl ~4 T I  fl Ti y j  T~ 12 1)

~~~~~~~ ~~L -  ~L ~~~~~ ~~~

WAU~~~ — — —

_ _ _ _ _  
•I~~~~~~~~~~~~~~~~~ ::. 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

MI rStn..i.i ~ iI~~~ MIMi

$IQN~.I. S~ QU1NC~ $ AND TIMING ~OM IMST ’ u&KTI O Pd S
IDA

? ~- ‘i I ’~~~~~~ ~~ ‘. 
~sA” q ’ ~~~~~~ i~~ ~~~~ 

)
~~

F i g u r e  20 — 8080 L.DA I n s tr u c t i o n  F e t c h/ E x e c u t e  W a v e f o r m s

32



I

- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~ ~~~~~ Co~ ~~~~~~

-t~~~ ~~ .L S /CP~ 
((

~~~~~~.

~~~~~~~ ~~~~~~~ 1 P\ ) L

cwc~ç ryc~.~~~; ~3
bU~~A r ~~~~J :  7.2
~~~~ /c~ . o~~~

!A1 MLA ~~’~~I L~ ‘~ v~rck,~

~_._ owo..... ~.td —__ ,j I..ciii. I_~ Di.. ~.sd P ~
- 0.1. ~ i.d —~~ ~~ Dot. W.,t.—  -l

MCI MC2 MC3 MCI
TI 12 13 14 II 12 13 TI 12 13 ‘II T2 13

+1 ~~~~~~ ~~~~~~ ~~~~~~~ 1_

w
~~~~~~~~~

_
~~~~: 

—

0.1. AddisI. Dii. ~~~~u-I

1111. 0.1 I I 
I.~~~~ 

~ .. I ~~ 
r_I~~~~ :i~~ Ir:.;cI_I 

•IW~~ 
Al Low

MI mv..tow
MlI~~ Cod.

SIGNAL SFQUEN CF S AND T I M IP4 O FOR IN STR UCT I ONS ~
STA

(b) r ,
~~~~

I
~~~~~ W A V L r~~~~~~~

( ( br . q)

Figure 21 — 8080 SPA Instruction Fetch/Execute Waveforms

33

I 
:. ... ~ 

~~ .k — . ._ —



I
I
I 

The above wa eforms indicate that the normal instruction
execu tion times are being mai ntaine d wi th the MIM as an in terface

I between the micr ocomputer components.
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5. MIM STANDA RD ELECTRONIC ~JJDULE
( SEM ) PAC KAGING

The MIM provides a flexible means of integr ating a wide

var ie ty  of stan dar d—indus t ry  mi crocomputer components w i t h  a common

~iBus interface . As such, it constitutes a useful standard device

for incorporation within the Navy ’s Stan dar d Electroni c Modul es
(SEM 5) .  Hence , al though not spec i f ica l ly  called for in the State—

4 ment of Wor k , a pr eliminar y inves t igat ion into SEM/PCE and SEM/MI M
compati bi l i ty  was made .

Throu gh the use of hy br id LSI or leadless—carr ier
packaging techniques it is conceivable to package the PCE portion

of the MIM on a 40—pi n SEM lA plu g—in mod ul e, and the  whol e MIM on
a 100—pin SEM—2A module.

5.1 SEM-1A PCE

The total chip co un t of a PCE , using standard—industry
SSI/MSI/LSI circiuts, is 24. A 2” x 1” hybrid LSI package of the

f orm descr i bed in the Phase III Study Repo r t provi des a prac ti cal
intermedi ate VLSI package as a for erunner to a single monolithic

chip PCE . F igure  22 i l lus t ra tes  a feasible SEM— lA PCE.

5.2 SEM- 2A MIM

Using the 100—pin SEM—2A configuration, the en ti r e
in terface between mi crocomputer component and the mi crobus , i .e.
the MIM , could conceivably be mounted on one double—sided , plug— in

module, using hybrid— LSI packaging of the PCEs and other suppor ting
c i rcu its, (Figure 23)

1



‘ I
I

p~~~~ _ —
~~~

~~~~~~~~~~~~~~ ~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~

. 

I

c~— 6-6553

Figure 22 — SEM— 1A Programmabl e Cont r ol Element

36

I



I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . PcE 2

1 $  I I 1 1  I 1 I t i l l I l~~~ i~~~ I I I I I  I I ’I ’  1 1 I  1 I 1 1
H 2 !  8 1, R

p it  C ~~~ i j i  0 ! !  ~ ~~! t’ r 1 ‘ i i

C~~— 6 — ! ~552

Figur e 23 — SEM—2A Micr obus Inter face Module

37

I
I



I

However , due to the d i f fe r ences between MI M conf igu ra—
I tions fo r  mi croprocessors, memories and I/O in te r face  circui ts,

(see Figur es 8 through 16) , a ser i es of three types of SEM/ MI M
would be requi red  to accommodate the var ia t ions .
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6. MIM LOGIC DIAGRAMS

The following pages of this report contain the detailed
logic diagrams of the MIM as impl emented in standar d — i n d u s t r yI SSI/MSI/LsI logic c i rcui ts, Fi gur es 24 and 25 . A c i rcui t  count by
function is as follows:

6.1 ~çPU-l MIM

6.1.1 Master PCE (PCE1)

Input Register 8
FPLA 1
PROM 5
Outpu t Register 10

Sub. Total : 24

6.1. 2 Clock Wave f orm Gener ator (PCE2/1)

PROM 1
Output  Register 1

Sub. Total : 2

6.1. 3 UBU S Drivers/Receivers

~CPU-1 MIM Tot al : 31
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6 .2  j CPU— 1 u P  and Support Ci rcu i ts

I
Micr opr ocessor 1
Mas ter PCE Inpu t Mul tiplexer 3
Clock Oscillator 1
Clock Delay Line 1
Clock Invertor 1
Clock Drivers 7
T2L to MOS Convertors 3
Synch Flip Flops 1
Voltage Pull—Ups 1
Interru pt Control 2

Power On/Reset Driver/Logic 6

~CPU-1 Support Ccts: 27

6.3 RAM-2/PROM-2 MIM

FPLA 1
ItBus Drivers/Receivers 5

RAM-2 MIM Total: 6

6.4 RAM—2/PROM-2 Memory Circui ts

RAM 2
PROM 2

RAM-2/PROM-2 Ccts: 4
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The major above functional areas are outlined on the f 01—
lowing logic diagr ams.

I t  can be seen that the circui t coun t of the j1CPU— 1 MIM
could be reduced from 31 to 7 packages, using a monolithic 1.81 PCE
instead of the 2—bit SSI input and output registers and separate
FP LA and PROM circuits.

The remainder of the jiCPU—l circui ts are required
regardless of whether a hardwired or progr ammable MIM ui Bus
interface is used.
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